Polyclonal antisera were raised against a peptide containing the cysteine residue required for carbohydrate binding activity in the lima bean lectin. The antisera were tested for cross-reactivity with (a) synthetic peptide analogs to the essential cysteine containing peptide, (b) proteolytic digests of related lectins, (c) native lectins. The antisera were specifically inhibited from binding to a peptide conjugate by free synthetic peptides. The degree of inhibition by lectin digests correlated approximately along evolutionary relationships and the degree of sequence conservation. One antiserum was found to cross-react with certain lectins in the native state. In a second set of experiments, the calcium binding properties of the synthetic peptides were investigated using metal ion-chelate chromatography and UV-difference spectroscopy. The nonapeptide and undecapeptide bound to a Ca2+ iminodiacetic acid agarose column and were eluted with EDTA.
The most extensively studied group of lectins to date is that of the plant family Leguminoseae (reviewed in ref. 14) . Complete and partial amino acid sequences have been determined for several of these legume lectins. A common evolutionary lectin precursor has been suggested, based upon the extensive primary structural homologies found among this group of proteins (6, 10) . Becker et al. (1) have suggested that the legume lectin protomers can be divided into three subclasses, based upon their structure. The first class includes Con A, a tetramer of four identical chains. The second includes the mannose/glucose-specific two-chain lectins. These dimeric proteins contain subunits composed of an a-and ,B-chain which together are equivalent to the Con A monomer. The third subclass includes the single chain lectins from soybean, Phaseolus vulgaris and Dolichos biflorus. Three-dimensional structures for lectins of the first two subclasses have been determined: Con A (1, 8) , pea lectin (5) , and favin (21) . The striking similarity of the primary, secondary, and tertiary structure among these proteins supports the hypothesis that lectins from the third subclass may also be variations on the same model (1 1, 19, 21, 26) . Immunochemical analysis has also been used to compare the structure of the legume lectins (13, 17) . These studies suggest that epitopes involving the carbohydrate binding site as well as other regions have been conserved among the proteins in this family.
The legume lectins have a common requirement for divalent metal cations (usually Ca2", Mn2+, or Mg2+) in order to bind carbohydrate. In those lectins whose crystal structure has been determined, the cations and specific saccharide are bound in an interconnected group ofsites, with each protomer typically containing one Ca2+ and one Mn2+ (9) . Although the amino acids involved in specific saccharide binding sites are not conserved, those residues which form the cation ligands are highly conserved. The direct metal ligand amino acid residues are found within the first 24 residues of the Con A sequence (22) . A peptide has been isolated from the LBL3, which contains the cysteine essential for carbohydrate binding activity (24) . The sequence surrounding the essential cysteine is highly homologous to residues 7 to 20 in Con A and contains several of the cation ligands identified in Con A. The actual role of the sulfhydryl is not yet clear; however, the reactivity of the cysteine suggests that it contributes to the carbohydrate binding site (23) . Binding of cations affects the chemical reactivity of the essential thiol group in the native lectin, suggesting an induced conformational change as is observed in Con A. These properties suggested that this peptide might serve as a model for studying the interactions of metal ions with LBL and other lectins.
In the present report, three peptides ranging from 6 to 11 amino acids, which correspond to portions of the isolated LBL peptide sequence, have been synthesized and tested for their ability to bind Ca2' and compared to the metal binding properties of a homologous peptide from favin. Antibodies raised against the synthetic undecapeptide have been used in an enzyme linked immunoassay to assess the immunochemical relationship between LBL and other legume lectins.
MATERIALS AND METHODS Materials
Lima bean lectin (24) and Griffonia simplicifolia I-A4 and B4 (4) were purified by affinity chromatography as described. Peptide was conjugated to KLH for immunization and to RSA for assay purposes, using l-ethyl-3-(3-dimethylaminopropyl) carbodiimide as described (7) . The peptide-RSA conjugate was then cross-linked to alkaline phosphatase with glutaraldehyde (15) for the enzyme-linked immunosorbent assay.
Antibody Preparation
Three New Zealand white rabbits were immunized intradermally with peptide-KLH in complete Freunds adjuvant (20-50 nmol peptide) followed by a booster injection in incomplete adjuvant 3 to 4 weeks after. It was found that booster injections consisting of free peptide plus 100 ,ug Nacetylmuramyl-L-alanyl-D-isoglutamine (Calbiochem) and 25% polyvinlypyrrolidone (3) gave the highest titer antisera. Antibodies were purified from the collected antisera from each rabbit by ammonium sulfate precipition and anion exchange on diethylaminoethyl cellulose (Whatman DE-52).
Competetive ELISA Purified antipeptide antisera were diluted in 0.1 M Na2CO3 buffer (pH 9.6). Fifty microliters were added to the wells of 96-well microtiter plates (Nunc-Immuno Plate Maxisorp) and incubated for 3 h at 37°C or overnight at 4°C. The wells were washed with PBS-Tween; 10 mM Na phosphate, 150 mM NaCl (pH 7.2), containing 0.05% Tween-20 and filled with a solution of 1 mg/mL bovine serum albumin in PBS-Tween. After incubation as in the previous step, the wells were washed with PBS-Tween. To assay peptide binding, 20 ,uL of diluted peptides or proteins and 30 ,uL alkaline phosphatase-RSApeptide conjugate (7 ,ug/mL) in PBS-Tween plus 0.1 mg/mL bovine serum albumin were added to each well and incubated overnight at 4°C. The wells were washed four times with 100 ,uL PBS-Tween. Bound conjugate was determined by addition of 1 mg/mL p-nitrophenylphosphate in 0.1 M Na2CO3 and monitoring absorbance at 405 nm in a Titertek Multiskan microtiter plate reader.
Proteolytic Fragments of Lectins
Peptide T9 from favin ,B-chain was prepared from a tryptic digest of favin chain and purified by gel filtration as described (12) . The identity of the peptide was confirmed by amino terminal end group analysis. Other lectins were digested with trypsin or chymotrypsin and mixtures of desalted peptides were tested for inhibition in the enzyme-linked immunoassay. 
RESULTS AND DISCUSSION
The purpose of this study was to develop methods of comparing structural aspects of specific regions in legume lectins. Immunochemical characterization of these regions was accomplished using antibodies to a synthetic peptide whose sequence corresponds to a lima bean lectin peptide which contains several putative metal binding ligands and the cysteine thiol essential for carbohydrate binding activity.
Three antisera to a synthetic lima bean lectin peptide were examined for their binding specificity. Using a competetive ELISA, the reactivity of antisera to the hexa-, nona-, and undecapeptide and a highly homologous peptide from the two-chain lectin, favin, (sequences shown in Fig. 1) were studied. Interestingly, the order of inhibitory potency (listed in decreasing order) was: favin T9 peptide > undecapeptide = nonapeptide > hexapeptide (Fig. 2) . This order of reactivities is consistent with the length of the peptide as well as amino acid sequence.
All antisera reacted with mixtures of legume lectin peptides generated by proteolysis in the competitive ELISA, an example of which is shown in Figure 3 . The RSA-LBL peptide conjugate was, as expected, far more active than the free peptides due to its increased valency. The tryptic digest of G. simplicifolia I-A4 was equally as inhibitory as the cysteine- containing peptides from lima bean lectin, followed by digests of lectins from Phaseolus vulgaris E4, soybean, and Con A. Ovalbumin tryptic peptides were used as a control for nonspecific inhibition and were not inhibitory at the concentrations tested. With the exception of G. simplicifolia I-A4, the order of inhibitory capability follows the phylogenetic relationships of the plants.
The antibodies were further characterized to determine cross-reactivity with native lectins (Table I) . Of the three antisera, only one reacted strongly with intact lectins from G. simplicifolia I-A4, lima beans, and soybeans and, to a lesser extent, with G. simplicifolia I-B4. The reactivity with native lectins suggests a region of the metal/carbohydrate binding site is exposed to solvent and accessible to the immunoglobulin combining site. Thus, two of the three antisera recognize epitopes that may be accessible only in peptides but the third c No cross-reaction observed at the concentrations indicated in parentheses.
can bind specifically to the peptides in their native conformation. If compared on a weight basis, in all cases, the proteolytically digested lectins were better inhibitors than the intact lectins.
The interaction of the synthetic peptides with calcium ions was investigated by characterizing their binding to a Ca+-iminodiacetic acid-agarose column (Fig. 4) . The nona-and undecapeptide bound to the column and were specifically eluted by EDTA, whereas the hexapeptide did not bind. Intact lectins have also been reported to bind to this type of column (2) .
The ultraviolet absorption difference spectra for the favin T9 and undecapeptide in the presence and absence ofcalcium are shown in Figure 5 . Both peptides showed similar positive difference spectra upon the addition of Ca2+. Titration with CaCl2 allowed estimation of association constants of approximately 6 x 103 M-1 for both peptides at pH 8.0 (Fig. 6) . The 
